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White phoophori,-- £iJl.llx~ i-*n ur~iutioisa~hn,7tý ocn~i.dora.ble taotioal
use as a memns of provid: -tr,3crooning smokes a',- any polint within the range
of the weapons orploynd. White phosphoruas alorie is not a satisfactory
tillinr,, however, booauru it bu.-na a) rapidly 1.1it Muckh oý the smoke is
wastedc in torrsi.nr, a pill, r 'whon tho mtiunhic'n i~ burst. Fairthormaro, the
phosphorus may melt uredoe oondil..Aona entouniter.id in stora ra or even in
service u=der desert core.2'tion3, with resultan'; ballistic instability of
the miunition. Work urndo7. th', -:.-osento contract was urndorti~kon x-ith the
objective of davvlopini; !.!ospho:-us V.llings fo- :rntniltiors tl-At would pro-
duoe acreoninG mnokas nri ', lit- '.e pillaring ruil that wauw 1r1 rma in

*balliatlc~dll atablo oti ;,rolciiy! .itorraGn at týr,npclturoo rdcova the
meltin7. point of whit;) p'.osphor'v3.

.1During U-,, pcr'iv1 cov'.rcdl by this co.-,traot, ti1e Che'mical Corps
Technical Corrnd itralf ',a st..died filli-jgc iorprlsinr, -ranulalted wThite

*'phos'?horus and geln of r- 1)b-r Ln cerrýhin or, , a solvoats~. Thia typTo of

phahq4A fllnot - Tfl --.NT.Id way davolop for convcr~iion of white 2a
phe-ý t re p", -. J~ V, piittn tsl7. The rc massive red

pheiro" tilling- is ye:';y stv.-D bp~llisticall,ý,, but it i,;niton aind burns
mom~hatless rapidly 4;,v i is 'Irairr.blo.-

(Most of the o: dor.3 ý-k-ii.'4~.~.z4 oncmrnnd mixtures '
ofgranulatod white ph~w!.togFsi- uid fluid binde -a which ýLl ~o solid masses at,'

rowm temperature. Attorn: ts to :ýrapare ruitabli U'nderý; o''n, laboratory
ro d3nt.3 were unsuoooo'i2)1,-bub sovoral oormir],tal pr Ic~ 'pored to be
oatlifactory. A rothioa --r proluoinr, wlhite ph:F . ý4 ;;rnulaq or suitable
pctrtiolo size Yme dor'.lo' -d in tho ocurnio of' t io irork.

~~Te-epoim~t-Itilng were chargxl into L 5~ gr!'nadbas for pre-
limiaar-y tests. Tho Jr rno n of t~he f illin -s was o", luatod ina firing tests

idrimulatod i&or-Ace .rdi l )no. A Isra stcbhilitby tost wa3 developed
and 1,inZ to measuro tbn .'7foot -)f os1ornrjv atk h:.Clh tQe~rnpiA ure-u on, tho
ballistico stability of t' olln3

Sevoral 14.2 (33 ,holls wore chnr,.*rI w~.th onch rT L n oot promising 9
axperian~ital fillin~~ rv,2 rorg 'rt to thn Arrrr Cý~,iisnl'71 ý.ter for ntorage
anid 'Ciring toots. I
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tr mrL.op~oEt Iv': ofi. in the 3r:V 4'~l V6

to March "3., 11t. under Ccmtract '

The present re- rt in a suirnary of th\ v-crk porformcd by TVA under
Contract W-18-035-CO'S-.31 ' on tho dovoloprnont cL\ phouphorus fillings for
munitirnt. The dotitils o tlio vvrjr.-c havez boen rapoi-ted in'xsovon quartorly
progroje reports.

The work by TVA on'phosphorus frllinez dovolopod along, two major
lines. Attempts to alter the physical Vropertion of white phosphorus
resulted In further dovel )nment of a knewn method for conversion of white
phosphorus to massive rod phosphorus in the munition itself. In the other
line of a_ oh, search "or binders for granulated white phonphoýus that
would solidify to form solid masses, similar tc oernnt mortar, with the
phosphorus granules resul,:od in the use of s~vvral commercially available
cementing materials to fo:'m apparontly satisfactory fillings.

The M15 •renado corved as a test raunition for evaluation of tho
experimental fillings. Firing tests, with 1,)Ai0 fuzeo an burstors, Indicated
the tendencies of tLo fil tings to form pillars or to produce screening smoke. A,
thermal stability test wa; devised to measure the effect of storage under
desert conditions. In th'3 test the center of gravity of a munition ohargod
with the experimental fP] IUng ,.us detormined boloro and after storage at
65° C.

Several 4.2 CM! 3hellr vrre char~ed with eaich of the e:xperimental

filling• that appeared twre ent to the Armry Cheniial
Center for further test. The fi'llngs were mncsivo rod phoophorus and
- ixturea.r-egrthulated white phosphorus with binders of (I) pl.aitcr of paris,
(2) plaster of parie sot -tith an emulsion of wkito phosphorut in aqueous
polyvinyl alcohol, (3) Dri-alon casting rosin, \4) Thiokol LP-2 cured with
furfural and formic acid, and (5) binder 4 modecfiod ,rith meroaptoethanol,

FILLINGS CONTUXIMIG GRA.NULATED WH'ITE PpHOSPHORUS

Granulated whit. phoophorus may be prepared by viroroiis agitation
e.nd cooling of a mixture 3f molton phosphorus ond warm water. The granules
produced by this mothod are quite wall, 50 to 80 mesh, and very irregular in
shape. Furthermore, the ?rolonged intimate contact between molten phosphorus

* and warm water undoubtedly results in the formation of an appreoiable amount
of lmor oxides of phosphorus which, in additicn to the nmnll size and
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irrogular nhopo off W.,) part .clr--, maký.o, t1.m pruduu-, aifIiou~lt to dmjmtero
Although the binders uneic3 h1.i TVA oxporlment~d ffillin~s a~re not affocted
advernoly by the presonce oj nma.3l qiiantitiles off water, the relabively large ý
owtlount-t of water that. v'cnld ronal~ In t3uporfiin.nhly dawatcra'i (rain-alated
phcj,,pia..97F-r196parod by th'ý rq itaticni mothol probnby wvould be undesirable.
MAoreover, this type off rrwl: i1rxt-.t1 phr)iwh)cr~ii. laocks tho d1ktr1bimt1i= of
pArbiolei sizes~ t1haL -'rir~'. or prol.ctl.ý o1, a rinos c~ff pho3phorus with

ahigmi apparent don~lity; Lh.ý void Ths r ! tirror-rrnnulatimd phosphorus
oocupy about 50 par cti.-i; ot thoi c,) olý,.he~ 'rtt,.nr mixtures of
larrer Granules oontain rb, it ý7 no'r cc'nt violdz.

Grrinulntod pbo3p> .rus rroro suitcablo f'or fillinFgi of tho type
investigated by TVA war, prL, uc01-i in F'_ -Jot rraniln~tor that %vvns doaioribed in
detail in tho prograso roc,.(,t covioring tho poriod July I to September 30,
1947. Mlolten white ph:,ph,-ru3 is runi through con orifice in-to the top of a
ooluxr of water that iz- 1*ea ;jd axbove tho molting; point off phosphorus in the
uppor portion and coolod b', '.c%- What -,tvltnr, point in the !Oer portion. The
stream of molten phocp)horu't issvuiri ffrcn the orifloo braal:v into drops that

soliifydurng p~ia Lh-uih tl-') cold portion of' the wgvtetr aolL seding
of this portionx of' the cclurmn with colloida~l White pho.sphcrua prevonto super-
cooling of the drops of ph,ý phori~.

The franules pro.ii.cod by thisnomthod nrtr approxr'.A1:ly cphorioal
a&d vary in size fr m. i ro;,h to a~bout 20 rmch. The prirti-cle sizo of the
grnules may be cantroll4r ',o soro extent within these limits by variation
of the site of the ori.Vic,) f~, of tho toriporature in variou.- parts of the
system.

Orifices li'~r;or tlian .. 0 -,a. permitu flow too ra-id for the formationý
of sseparatn dropa, %-r-d orl.f7.oos a-niller tf>-xr, 0.13 sin,. reduce Uieh flow, in a
gravity uysten, below n. prntitcab).e roxte. 71W 3iitO Of th.3ý graule is
rouGhly proportionial to th'; sizo of the orifia and the s~creen a~nalysis of
the product may be va~ried, -rithin liniti, by t ae cmultani'oun use of several
orifices of' different t:izo;".

Increase ir. tem-ccr:ature of th phac.phorus supplicd to the orifio
and inoreetne in temperp.tuxrc. of t?3 vn7.tor ~in t-lin top off Wi-j column both tend
to decrease somewhat t~o n-..ticlo aizo o th psosIorur3 Cra.nul-s. The
highoct practicable tarirp..v urc cf ti-v noltr.n p*O phor'us ia aboib 80" C,
The temperature of the molý 11 phc3phnrus or of' the wator In the top of the
oolum must not be perzaitts.; ,to fahl belorT about 5100 C.- or\ the phosphorus
isauing from the orifice w>.. 1 solidify in strin,-s.
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Granules larror *-,;hon 1I meah proved undosirablo in the experimental
fillings; satisfactory grý.rules Ivere separated into minus 4- plus 8--r.•=h and
minus 8-.-mesh fractions, Iirixtures of these two fraotions, oontaining between
20 and 60 per cent of the finer fraction, had about 37 per oenb voidn, which
is clone to the minimum oLtainable with gr.auiuca preparod by thfe jet method, 14
and any mixture of the tv' mi.zes between theseo lirii s will approach the
maximum amount of phosphorus per unit of volume of given filling. Mixtures
oontaining larger proportions o. the finer fraction \uually give bettor per-
formanoe in Grenade firin-: tests tihan mixtures ountl ning larter proportions
of the coarser fraction.

Granulated phosarhorus for preparation of tl~o filllnjg described in
the filling diroctivss in this report should hb dewatered, sultably by draining
on a bax filter in an irwrt atmosphere. A ourront of\inert Cas, paesed doifnward
throuGhthemass of granuloq, will hmaten the' ds:amtoring and wilv dry the phos-
phorus sufficiently for u ,n with iny of the nvrl considerad. In these
directives it is assu.Y-d ihat the granule, will all be between W• and 20 mesh
and that the mass of rrnnolem rill- contain about 37 por cent voidls.

Unsatisfactory Bindersa,

-Considaration or the proporties desirnd in phosphorus filling for
munitions suggested that -,t~sfactory fillings r-d ght be made by embedding
granulated phoophorus in r solid linder. A su1tablo binrO•r wculd be required
to mix readily with Uthe r.onulatod phosphorus and to sot to a nolid at a
temperature below 44L C., ýhe meltitr point of white phosphorus. In addition,
after curing, the binder -rust withsteod temperaturos up to 65" C. without
oracking or disintegratin-;, and this property should be retained on aging,
Many of the experimental -..nders failed to meet these roquiretrents. Others
gave poor performance in ;'".ring tests or failed to retaln the phosphorus in
thermal stability teats. -iel following binders ,.,re fond to be unsatis-
faotory in some respect.

" ,rtland Cement. A thin pante of por:;lnnd ce-mnt mixnd roedily
with gremnuiate phoaphow, but the' "froe line" in the cement roaotod with
the phosphorus to produce phosphino, which not )nly vias a source of danger to
the opcrator bwb-a inh ),itod the net of the ienent, vaith the result that
"the binder remained ioft .nd rrshy, rather than sotgin to bard mass.

Laboratory Prop.--aticn.i of Plastics: XuMrous combirn.tionc of
ur phena,, .... frmaldehy;o,-and other aldehydos can bo set in the
cold by the addition of mSll rorcont ;goes of acid or other rejmnts. Com-
binatiaw of uroa with foiAldehyde or Lurfural land of furfarnl with formal-
dehyde, benzaldehyde, ao& aldehylde, phenol, or iulrurio acid all ravo solid
products at room temporati-c, but mere xmsatisfiotory bocaua,) they cracked
on aging or disinteorat.d ".'hen hia'ttd.
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pared from. Variou.f thiol-o2.s, which are rubber,,, co2id3, can bo pre-
pard fcmncodi.um polyaulfl'do anc ' ethylene diehl.orido.* Attompto to Inoor-

* porate Gran~ulated phoriphorals in t, thioklo. bindor wore uncl-tooossful. The
wmthc'I that appeared most *.rom:5. sinr, entailed formaing, a anc hc ol be
ooargulatcd with acid. W1lert atteripts wore mrado to coagulate the latex, in
plaoe, around the granutlcc of phosphoru3, harrover, the "rbbr did not
enclose the ,rl-anult~.

Coiniorn.I.l TFA,-d f~ Tcleild of laburat~ory -proparxrtiono or plactic
binders was not expl.ored tiioroug)l~y. Tho prirnary object of' this3 phase of the

*work was to find a binder hiat could be fcrr.-od in place eround the rranulated
phosphoru3. The rpsultn 3.,-Aici7.tcd tint binders formed C:*on laboratory

rep~ots ~ ~i.oic -Atly dt.rabloi Sinco a rroa.t wiountu of work has
boon done cortnoroially in 'tK:o &qrolopnmnt. of plu~s ios, ard sino many resins
are available on the m.r it c.id Aoct cran adv 'ablo tc. attempt further
oxporinmont'l rdovolopr'Int cf r. a pl-sio bnr.

The propertios r :-1uirc in~ a blrdcr for rgranu1jltod phnspihorus
eliminated from considoratlun (.l' t"o--noplar~t'Ic rosins R-.d tthose thermosetting
resins which require a ter,-3rature higher than !4* C. in notti. Ti lft
for conaidoration tho no-cý-Ilcd cn-t-Irc rouins. In ordin~ary praotioo, r-kny
of these resins are not bl' rjoder-.ta !APto; others attain initial not at room

*tempo raturn and subaequennt iv, aro curad by baking. Sono tha~t ordinarily are
sot by heat may be sot inL -x co.o by inocrporat-ion of a larger proportion
of gocolorator, altlloutih1 C ct.ta 3tý7ontth of tho rc-uln is not stbcined
fully when the ba.I±ng mr/ye] is crýýt-tod. '-cveral oo~sorical resins wore

aneti;ted, tho choice 1'-ing iir--tod to those that wore clairzod to act at
room temperature.

?alestio, app ro.,tly a con~densation producit of urea and formaldehyde,
is marketed as an impregnc<-.ý for plaster of paris. The rosin net readily to
a hard roli;'d at room tcnap.rtiture but cracked ou1 aging. Frinton and %hareo
eatinCitf rosins, both ctppv..r..ý-itly c~llyl ootcrs, couldl not Lo cot catisfaotorily
akt roan teyaporaturo. Forceb'rio, t, furano rosin, setc In M-)~ cold to a rubbery
solid,, b"-' phosphoruc inhi'Atocd ihe sot se that the oomp).-to filling did not.
aure bo~i±hd the viaccu= li-uid sa::o.

Most of the cant iar rotiw onnc: toý marlot are p~enol-formnaldehyde
condensation produtit laic,. co-,-.rcially as phonolioc. ~Eamples o:V this type
of resin, marketod undor t't traceo nwrio-s ruroz, Ba1 or, Cvtc~bond, 4Marblette.,
Synvaren, and Syncaz.1:, 0J.) with cuitho air:~r propckrtios, -wore tented as
binders In the proparoatior ofC phC.'u'horus 1'11 n~s. \TIM fi inge had ffair
thorzmal stability, buxt throy prorn'Cnod ratl-ar poorly in greynado' firing testn.
Phenolic resins are i'elativzlv ixroxpensivo, ha-vevor, and it is suggested
that amy further work on f.in of the ty-po invostý.Gatod by TIVA includo
a~t least onough tostoi to ew,-lur~te t~hc p-erforrnano oofý\,phoyolia rosin-
phosphorus fillinrB in, ruyx: ioro lr%,rgor thom thu Lfl5\,granndo.
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S,.ti sfaotory Bite~rs

SOf the cevoral binaers investiratod, five formod fillings that
were sufficiently proising to warrant further toots in larger mrnitions.
Fillings prepared with each of thoso binders were charged into 4.2 CM
shells and sent to the Ar-y Chimicai Center fori torage and firing toots.

a liastd c Binders: Duralon 30, a curano-base casting resin, sets
to a solid at roM temperad:ure wi-n aotivated with accolerators supplied
by the manufacturer. Fill.Angs prepared vrith this binder had satisfactory
thermal stability, und tV-, porforwatoe in greniado firing testn -was
generally bettor than tb%-'t of fillings in which phenolic casting resins
were used as the binder.

Thiokol LP-2 is leocribod by tho m enufa turer as "a low molecular
polyoulfide polyir l•vinG reactive morcaptan to rinals and side Croups
eapable of further polymer'zatioa and cross-linlmrn ." This liquid polymer
sets readily to a rubbery uolid at roan tntiperaburo on a-dition of furfural
and formio acid. The addltion oat a "Trhnn 3teppor," mch as mrroaptoethanol,
dooreases the extent of po.ymurization and yields • curod product which is

a softer, more flexible rubber. Fillings prepared _with these binders had
satisfactory thermal stability add performed v.ell i* gronade firing tests.

IPlaster of Pariz: Binddrs: Plastur of paris has the \arked advantage
of being both cheZt and r~f-.diy r lable in large quantity. ats property of
setting to a hard -aca whci m~i~ with iater in well kncrm, and both plaster %
and water are subctantrdal',' , ivrb to whiti) phosphorus under th' conditions
usually encountered in t}r• preparw'ion and -storage of phiosphorus fillings.oo ~i
Plastor-viater mixtures fornd a 7oe-,- satisfactory filling with granulated ,•
phosphorus. The lling w'-Us stable on storage under dosert coaditionis, and

the per rmane of the fl] Uing la grenade firing tests ranorally was good,'
although nome erratic rauultr were obbairod.

Several organic sompourkls of hi;;h molocaular wo1ýht retard the set
of plaster of pario, polyvinyl alcohol being en examplo. Polyvinyl alcohol
is a str ýig emulsifyinr aTnt as well, and aqueous coluALons of the aloohcl
have been used in the prop.ratioe of emulsions of white phosphorus in witter.
Plaster of paris can be set; with a 50 per cent emulsion cf phosphorus in a 4
per sent solution of polyvinyl alcohol, and this planter mixture has been
used as a binder for r',ranu.atod phosphorus. The performanoo of the fillings
in grenade firing tests WE'!. consistently excellent, but the thermal stability
of the fillings was not so goot. The poor thermal stability appeared to be
due to the occlusion of gaa when the plaster, ;mulsion, and granulated
phosphorus were mixed. Gn'! pookzts apparently were formed when the planter

"a dehydrated the emulsion in the procosc of setting. The density of this
filling prob`eo• •ld be tnorav3ed, and the thermal stability improved,

S-by mizxin ,he 1ingredients rinder a greatly reduced ýroe sure of an- inert gas.
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_--Wiitfo phorpliortz ignmt'es roadily and burns ra~pidly j.ýn air, whereas 4
red phogphorus is ignited with more difficulty and burns rolatively slowly.
The optimum charaetricti',• for produciný scroening smoko lie between these
two eurenris and, prusumavIy, would be obiained by use of mixtures of the
two forms of phosphonin. 9ali.c tie stability also would be obtained by the
use of such mixtures, for .tixturoes containing ,oro than 50 per oent red
phosphorus behave as solil½. at all temperatures below 593* C., the melting
point of red ohop^-horus.

Mvibe phosphori, l19 convortd to rod phosphorus when heated at
280* C., the boilini; poin . of -hite phoaphorus, at atmospheric pressure
under a ref lux condenser it ai ir'crt a~nos:here. Under these conditions
a mixture of substantiall, equal parts, by wei•jt, of the two forms is QU
produoced in 4 to 6 hoxira. Th,. mixturo is a thiolc slurry of solid red phos-
phorus in liquid 'ihit", nh -: phoreu, fluid at t,.r .,orft Lrm:3 sa.ovc the molting
point of white pithhr--.. !ii;taros suffici-ntly fluid to be charged into
munito would I.be f. i•d at temaperaturos eacount-orod in vtorago under i!
desert conditions, h,.,v., and -,rinitions filled with sunh mi:.-turee would
not be stable ballistical .,'. lixtures thag cer~ained onourh rod phosphorus
to be stable bqllisticall -' .vould be a soli~c. mass at all tucnpeiaturee below~593" C., and could L., tru :forrsl from one -J~tiiner to nnoth. r cnly with •

diffioully.
One way around , dilcemm is to prepare the mixtu'o of rod and

white phosphorus directly Ln the munition, an cperation that (ould be per-
formed with relative simplicity by charging the munition, burrtor well in
place, with a fluid mixtu...• of rod ani white phosphorus throuf;h an aperture,
proferably in the bae~e of -Jie ', iticn, to whichi a roflzx conconser ocould
be attacthed. lbatirfg of '-o charge to the boiling- point of whikte phosphorus
under an inert ras etý, or ilightly above, atmo-1)hrIo prossurc wculd produae

a mixture of rod arTd whit'- phosphorus that wu]li be ballistiot.1y stable
a r ,torago under any c '-,aitions that would b,) oncountored !n the field.

The operation would roqui -- a cosialderable time of t.vatn.nt :'or each

runition, hcmvover, vnd th,- mcdifioaticn of the -unition to permit use of the

reflux oondenser probably ":ould 0dd materially .o tho expense of fabrication*.1

The rate of conr'rsicn of white to rei pho.phorus increases

rapidly with Inrear-o in .-aporavure. In the r,3thod of conversicn desaribed,

above, the 'teo'?ortAtro o', .,.ablo is llmitcd to the boiling p¢,int of white

phosphorus under the impo: -I pressure. Attompti to oarry out t.e conversion
in sealed oontainers wore .;ucoosif'Al, but t!v l--rg: aAnortit of heat generated
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in the exothoeria ooncrnrvlun ca:;ricd the convorsion oubotantially to corn-
pletion. The convnrsimon was initiatcd at tomperaturoo as li•v as 240' C.,
but quenching the container failed to etap the reaction short of virtual
omplotion; maximum tompraturo.3 aE high a' 560' C. and Rressures of
about 600 pounds per aqiinro inci' wore dovoloped by the reaction.

The product vwat: nri•a.ve red phosphorus cdataining about 1 per sent
white phoophorue. It was unaffoctod by exposure to temperatures higher
than those spooified in Lhormnnl stability tests and may be assumed to be
ballistically stable. In rronailo firing toots, massive red phosphorus
appeared to ignite comple';cly on explosion of the bursting charge. The
fi£ragents of the filling burned rather slovwly, but were not extinguished
when thrown into about 2 Inchos of melting snow overlying a cinder fill.

Sulfur has boon used :3tocoesfully as a catalyst for bho conversion,
both when the operation was carried out at atmosphoric pressure and when it
was carried ou' in soealod munit:.ons. The sulfur ini most conveniently addedi!to the lxd.tial oharj•r In the fornm of tho 80-20 phuaphoriw-.sulAur liquid

euteotic; I per oent of' 0K fur :in the final mixturo glvna very satisfactoryresults.

Convorsion in v.Iold oontainer, was' effected in both M15 grenades
and M2A 4-2 CM shells. at U '. ecossarry to h 1d the 1arstor well in bhe
"shell in place with a pl,; tw..t scraped into 1ho adapter and bore upon the
top of the burster roll. 3&th im.nitions wor sombled vrth silver solder(Class 4, m. p. 6270 C.). Tho iolder wan softenedt sufficiently by th heat

generated in the convern..on tf :'ocult in failure of the munition under the
imposed intenal pressure unir 3 the muni.tion Pao quenched in vater soon
after initiation of the rvpid convorsion rcact cn. The quenching apparently
cooled tho soldered jointn" without signi'icant Wfoot onthe conversionrobotism..\ i_

White phonphoru•i has it much hijthor thermal coofAoiont of
expansion than steol. Clos~d -- eol contidners-chargod Yrith more than
abc ; 1-55 grsrm of whitt phonpiorus p.r cubic contimotor will be burst
by oxpansion of the liquid whit-) phosphoruti before init.7s.tion of the
conversicn reaction.

IVALUAT.ION OF FILI.INGS

For oatiefaotory porformanoo in the fieldg a phosphorus filling
S . must produce a pors.stant screoninr cmokc with minimun loss of smolm in

the formation of a pillar, and must re.r.n ballistically stable on storage
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'of the munition in any po,1ition under any onditi is that may be encountered,
even in desert areas. Th:, 4.2 CU. shell is the st ndard test munition for
phosphorus fillings, and ;95sta of the performance of phosphorus filling3 in

4 this munition arc designe:l for simultaneous evalua ion of both requisites, 71

Work or, phosphorus fillings at TVA was ox a relatively small
scale, and the M15 Gren~adt; was selected as the pre4zninary tost munition,
both to ocnsorve material and to permit firing tesils in the limited space
available for such tests at Wilson Dan. Since thoe l5 grenade is not
fired from a rifled weapon, it was impractical to determine týe ba.llistio
stabilitioc of phosphorus filliigs direotly in this munition;\tnstoad it !
was nooessary to devise a static toot that would yield data from which
the ballistic stability mn.-ht be. estimated.

Firing Tests

-ri -ests of experimental fillings in M15 grerndes, burst
with M6A4D fuzes, were male to select those filli~ns that might be
expected to perform well in 4.2 CIA sholls. Extrapolation of performance
in grenades to performzncn in shells was not possible, for it was observed
that MWP, which performs wall in shells, performod very poorly in grenades.
The tendency of the smolm to pillar when the munition is burst, and the
ability of the scattered filling to produce snoke at a rate sufficiently
high to maintain a screen appeared to be adequate basis for evaluation of
performance of a filling. These criteria were used in the selection of
experimental fillinrs for further tests in larger munitions.

Thermal Stability Tests

In evaluation cf the thermal stability of the oxperimental
fillings, the -ion of the center of gravity of a filled grenade, both

S..alone the longitudinal axis and laterallv from that axis, was determined
before and after hoating -he filled Crona"'e for 8 tours at 654 C. while
lying on its side, with subsequont cooling in the ýanme position. The
shift in center of Gravity of the entire grenade, or\of the fillinc alcneo,
is a measure of the therral instability of the filling and can be used
to estimate the ballistic stability of miy munition containinr the same
filling. The shift in thi center of gravity can be used also to evaluate
the ability of the binder to retain molten phosphorus and to estimate
the tendency of the phosrhorue rerAining in the binder sponge to settle
under the influence of gravity.
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Plaster of parL3 ffillinr in M15 greados oonsLstontly retainodnt least 98 per oont of t:,,i phosh-orus in tho body of tho fillin-. butthe phonphorus romainin- ..p tlv fi.u tended to .0ettlo t;o tho lovwr
portion of the body of th, fillin,. The ohlanje in the poeition of the
center of gravity of the :.uniticn was =all, howevar, and plaster ofparis f illins probe.bly wil rorqin ballistioally stable under desert
storageo nd_.Y;t

Fillings in whih the birnlor was pld4ter of paris cot with anemulsion of white phosphorus in aqueous polyvirl alcohol oontained largegas pookets. Those pocko'a no, only docrmixod bho efftooAvo strongth o(r
the binder, but also pervm:.ted ralntivoly largo mrvsmonti of phosphorus
through and out of the boly of the filling in thermal st'ibility tests.Unless so=e method is dv'.sed for climinatinG the gas poeepts from this
filling, the ballistic st",bility of the filling, aftor storage under
desert conditions probably will be unsatisfactory.

FillinGs in whi "h Duralon or Thiokol LP-2 wero used as binder
lost an average of about i per cant of the total phosphorus in 8-hour
thoemal stability tests. Thts in the uinount of phosphoric that is cal-
oulated to be displaced bioaus', of tl- difforonce in the coefficients o.
expansion of white phosph,'rus inJ the binders. Rne-ulteaV shifts of thecenter of Gravity of runi'[ons oontuining thoee fillings were sliCht,hcwever, and these fillin'. probably vwll prove to be stlble ballisticolly.

Firing tests of fillings that had boon subjectod to themal
stability tests showed no iiffarcnce in performane frrm fillin7s that
had not been heated.

ILLINT DI.X.CTIVES

The oxocrii.ental ohosprioruc Lllings davolopod by TVA fall intothree classes: mixtures grrmnila-od white phosq,'horus with thormosett-.ng
resins that set at room t, rperat ro to form solid\iasoes. mixtures oftranulatod white phosphor, with plaster of paris and watr that also sot
to form solid masses, any rassiv3 red phosphorus prepared by thermal con-
versla of white phoophorn in tVe munibion. The ýevoraL fillings in eaochof the first two classes 1-1hava vr', mach alilko, a7d a nrthod devieod forthe preparaticn and ohargt rnG of xr, fIlling into a mmnit:.on is suitable forany other filling in the :.,me cl4 a.n.
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Work at TVA was confined to laboratory-scale operation, and the
filling for each munition was compounded in a separate batch. All mixin, g
with tbo exception of thc preparation of the emulsion of' white phosphorust in aqueous polyvinyl alcohol, was done by hand, and all fillings were
oharged into the munitions by rodding through a funnel. The operations: ,are all simple, however, and could be carried out on, a larger scale in
standard mixing equipment and in fairly cimplo devices designed to charge
the freshly mixed filling into the munition.

The fillinGs oomprising granulated ýhosphoruc and the various
binders probably will sot as rapidly in a mix r as in any other oontainer.
Hence, it will be necessary to clean the oquiment used to prepare andhandle these fillin~s at intervals no longer thtan 'the period for which

the binder remains workable. The maximum time that shou.ld be permitted
to elapse between sucooscive cleanine- of the ýquipwmer is suggested for
each binder.

Whito phosphorus is a hazardous raterial, -ud its .-. ll-known
property of spontanean inition on exposure to air necc3sstates certain
precautions. Dry solid phosphorus may be handled safely ih an inert
atmosphere, preferably crbcn d.oxide, and accidental fires are extin-
guished readily by flooding with cold water. P-rovision for handling
dewaterod ,phosphorut and its ni;:turos in an inert atmonr•hre, and for
flooding affected lequiprrnt with cold water ir. the event of a fire, are
sufficient to onsure safe operat;ion in the proearatlon tnd handling of
TVA-exparikii l fillinGr.

The phosphorus probably will be granulated under water, andmost of the various binders toay be compounded in the airo Other operations,
such as dewatering of the granui.atod phosphorus, preparetion of phosphorus-
water-polyvinyl alcohol enulsions, mixing of the Cranule.tod phosphorus
with the binder, and cha.rging of the filling into the mtunition, should
be carried out in an inert atmonphere, exceptions beinG that Duralon az)d
Thiokol fillings probabl:r can be chnrged in air.

It is reoorraonc'od that oporations in an inert atmosphere
(carbon dioxide) be carried ouit in a chamber sufficiently larg;e to con-
tain the oquipment for all the operations. The chamber should be gastight
around the bottom and sidoe and should be fitted with ncessary observation
windows and a loose-fitting aool;ional cover. A continuous slow stream of
carbon Si~dso hould be introduced near the bottom of the chamber.

.. Operatloas oou.d be observed and ccrtrolled from outside the chamber,
preferably from the top. Minor naintonance, r~psir, or inspection work-
could be performed by an operator Tapplicd with ir for breathing from
appropriate equipment; tl. usuati safety praoat~t ,•,e when workers enter
inert atmospheres should be onsarvod.
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Fillings Containingr Plantlo0 Dllu'ers

The quantities of' fill~ing specified in thoso directives are
based on tho assumption that oe'oh batch 01f filline, will bo largo enough
to fill ton 4.2 CMi ahollic. Tho speaifications are given by weights the

*binder for each 10-shell batch will h~ive a volume of about 7.5 liters
(2 gallons) and tho filin~g, will. have a volumo of about 20 liters
(5, gallorizi). The compositions of' the plastic binders are as follows:

Duralon (rcslzý mranui'totured by U. S. Stoneware Co.)

Activator F 0.63 krq. 1.39 lb.
Activator 0 0.26) kg. 0.57 lb.

* -Dralon 30 8.77 11g. 19.30 lb.

Thiokol LP-2_(liqui poar mmintifao~ured by-Thiokoi CorR.-)

Thiokol LP-2 7.72 k~g. 17.0 5 lb.
Furlfural i54~ k,-. 3.40 lb.
Formic acid 0.31 kg. 0.68 lb.

*Thiokol U-1-2 miodified with maeraptoetlninoi

*4Thiokol LP-2 7.66 kgr. 16.90 lb.
Furfural 1. 52 kg. 3.35 lb.
Formic acid 0.1k. 0.68 lb.0-1k
Beta-mercaptc thanol 0.0a3 kg,. 0.10 lb.

Frepare tho binlers irmodiately before uso. M~x the components
of eaoh binder In the ord':.r in YOUici they are liatr~id above4, nnd after each
addition bland the mixturi) thorcurIily to form a hao~~igeiioua liquid. Both
Duralon and Thiokol LP-2 -.re thick, viscous liquid 3 with about. the con-
sistenoy of heavy molarce-s. The, 'other components of the binders are thin

liquids and may be proporl.-oned by volirw an roadily an by we-1.Ght.

The working 1.1r,~ of activated Duralori aind of t~te. Thiokol LP-2
binders Is about 214 hourt, but all throe binders bbsooic quite thick and
atioky in about 3 hours. It is suggested thiit tho oqu5.-:.-nt used to handle
those binders and fillinr.:' aortaining thom be le..uod ovnry 2 or 3 houra.
Bquipm~nt coated with Dvir-tlon omn be oleaned w th alcohol, edthat coated
with Thiokol LP-2 bir~ders oan be cloaned with ri'aral.
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1Aixin'- of FilV:'iin For r'ach 10-shall ln,,tch, t~heougihly mix
22. 05 kC. (48-6 lb.)F(11'.ommtered rranulatqd phosphorue !'Ith 9.6A. kc.
(21. lb.) of Duralon bii~rcr or with) 9.57 krg. (21.1 l1)'.) of oitheror
tho T-'-iokol LP-2 bindors. Any nixo.r that, in :;uitz.bls, for hanling a
mixture similar in cons it tenoy to0 one of unicoolmsd r.Loo anid enourh heavy
molasses to fill all tho Thnorctitioal spacota botwyo'.'n the rioe grains will
be satisfactory. It inc onsential, however, that the design of the mixer I

permit frequent, thoroueh cloan:'.ng of all parts that co-u In contact with
the filling.

ChrCýr 'l1" oMnto5 Freshly prepared fillings
comprisi.ng ganlatqFvai' phospnhorus and Duralon or Thiokol LP-2 binder
flow slowly wnder the Jau1.uonoio of r~avity, but rilth tsorn sogregatioin of
the binder from the phoas1.hortis, cIsIeeally whten Via rd X4-uro is fortiod to
flow through tho relntiv'(l!r srirl Orifioce requited in clharrinr, tho filling
into a munition through 'Iio biuritor-':Il I uoat.1 At leaný: the upper part
of the filling probably ,hould ')f, stirred con tlnuously during; the charging
operation, and if provis3 on in nvoda for such I~ rtJial .rl~tothese
fillings probably couild I In ex1;rii6.od inrto the e1it ion.

A sutgestod do, Igx j-p or a oI~aririnf dev~lce is a cylindor, with a
capacity large enoug~h to hold a lC-5hell batch1, that di: charges throurh
a conical section torniniting in a short cylindo r that riay be inserted

4 ~~through the burstor-yicll -eat to extend Just b 7tho bottom of the
seat. Either noohxtaricttl or ras. prvssure could bap1i d\ to0 the filling
in the large cylindrice2.1 pcrt,.on of UPe oharG5..ng device. ~fgsposr

b is used, a blade stirror :Thould bo provi1ded to pro.vent cakitnr of the
f1115.n- with rosult,,vi% cl v-nnolinj; of thA fluid birtior, -.nd ruhnequently
the gas, through thý ;nr~r of' gr.-rulaL-ed phozphoilur. Although G tirrer
irny not be ossent-InI .f L" pyr': -suro Is- ap~lied nrchan~iorikly, astirror
thait extends thiroug~h thI' -,71.t,,x- pro-bably wfouldI ImpIrovo the oporating,
ohara~ctorisie of tbre 01 -;.co. Tho ch!,arg-ing dIov! c ithmld br, thqrourhly
oletnod every 2 or j hs'ii :. to p.-ovuriL ctickirr; as~ the hindor begins to
set. Shalls chould 'b PCý,.led an .'l to ancci1'iod w1 i ht, 3.17 kg.
for Duralon or 3.16 kg,. :'or Thiokol.

In the most oc oni.,r. a nrraneont of cc:uipv.xteca~n
device probably would bo !7illcd from within the inert-atrnosnhc're chamber
in which the filling, is r:-'.ed, *hut would oject th- charrp lnto the
munition In the opO!L ki~r- SinIIII too~ fillin'ig 5i cribt vl ~:n,I care mirnt
bo talcon that portions ):' it ter.' xot I oft in the f dapts-. or %.'o -munition
when the munition in with!raT4a .'ron tho charging lovico. 7;hthese
fillings the btinter wL nay bo tinserted by hanr!, ann oeMtly p-ushed doc'n
imntil contact with 1b.-i it 0-, in nvlko.
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The standard culrpe (1923 ml.) of these filX gCs in a 4-2 Ca

s3.17 ke. (6.99 :1. or Duralc fillinG, or 3.1 kg. (6.97 lb.)
of either of the Thiokol.LP-2 fillineso Munitions oharged with any of
these fillings should be allowed to stand upright for at loast 5, and

* preferably 15 days, after charging to .permit complete set of the binder,
The extent of set is followed conveniently by obaervation of a sample
of the filling in a cmall screw-top glass sample bottle.

Fillinrs Bound with Ordirziry Plaster of ýaris

Because of the rapid aet of ordinarylplacter of paris, fillings
bound with it should be rUxed in batches no larger than can be charged
into munitions within about 15 ninutes aftor the plaster has been wetted.
The plaster bindor Is qi~te fluid and the fillinG has a marked tendency
to setrogate. Hence, it -*s advisable that the charging device be
designed to bandle singlI-ahell batches. The amounts specified in this
directive are based on tlb,, aeswrption that oaoh batob of filling will
fill one 4.2 CM shell. ?e specifications are given by weight; the
binder for each batch will have a volume of about 0.75 liters (0.2 gallon)
and the filling will havr. . volume of about 2 liters (0.5 gallon). The
oonposition of thn binder is a& follcws:

" -. -. - Plaster or !-eris 0.565 kg. 1.3,46 lb.
Water O kg. i.:,6 lb.

Prepare the biyder imnodiately b use. Mix the plaster and A
water thoroughly in any suitabln mixer, probably in the name mixer that iS
to be used to mix the entire filling. iWach the mixer with water after
discharge of each batch. The amount oi water specified in the composition
of the binder may be decreased nomewhat to allow for water retained in the
granulated phosphoruas the. is to be added.

laixing of Fill.l: To -.ho 1.130 kg. (2.69 lb.) of plaster-wvter
mixture, add 2.205 kg-, U-_'. lb..) ýX dewatered granulated phosphorus. Any
zmixer that could be used f;o mix cement mortar containing aegregate no
larcer than 4-mosh is mil tablo. i/ash the mixer with water after each
batch of filling has booer dischaLrged, and return the granulated phosphorus
from the washing operaticn to the process.

SCharging Fllirj; into !'unitioA: In contrast to the fillings
bound with plastios, tho nlurry of piastor and water does not wet the
particles of granulated phosphorus very4well, and the freshly mixed
filling has physical prorties similar to those of very wet sand. The
mixture cannot be poured easily through a funnel, nor dces it lend itself
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readily to extrusion. The moot satisfactory oh~rginG devioe probably V
would be a steep-sided funnel equipped with a padj!e stirrer to serape

the sides of the funnel and with a reciprocating rod, exte.•ding through
"the axis of the stirrer, to forc:e the filling into the xunition. The
stem of the fPnnel should be as large as the burster-well ceat will
permit, and should extend just below the burster-well seat in the
munition. With this fillJng the burster well often oannot be inserted
by hand farther than about half way into the munition. Any filling
remaining in the adapter after the burster well is soated may be
removed by flushing with a forceful stroam of water.

The standard charge of this filling in a 4.2 CM shell
(1923 ml.) is 3.34 kg. or 7.57 lb. L'unitions charged',Wth the plaster
filling should be allowed "to stt.nd upright for at least 14 hours, pre-
ferably 214 hours, to pormi5. complote set of the binder.

Fillinco Bound with Modified Plaster of Paris 1:
Fillings bound with plaster of paris set with an emulsion of

phosphorus in polyvinyl alcohol havy a somewhat lon&er period of
workability than fillinrs in whloh the binder is strailgb plaster of
paris and water. Also, the crumbly body that results from setting of
the emulsion-plaster mixture is moro easily cleaned off oquipivzft than
is the harder plaster. With rerpect to the ýarti lly set mixtures,
however, ordinary plaster can be flushed off most surfaoes vith a
gentle stream of water, Aharoaa the emulsion of pl oaphorus in polyvinyl
alcohol is tenaoious, and equipzwnt coated with it must be scrubbed or
brushed while it is washed to owsuro thorough cleansing.

In the preparation or emulsion-plaster fi.lincn, the aqueous
polyvinyl alcohol solution must be prepared sevoral\da•,s in advance, the
phosphorus emulsion must be prepared between 12 and 48 hours before use,
and the actual binder, which includes plaster of paris, must r rade up
inasdiatoly before use. The birder ray rF workable for as long as 1
hour, but the operating r-rooedure should be so deti~od that the filling
is chargaed into muniticts -mithirO3 minutes after the plaster has been
wvtted.

Preparation of Emulsion: Prepare a 11 per cent solution of p~ly-
vinyl alyvhol 311 pol1•nyl alcohol, typo A, medium viscosity,
grade 52--22, a product of E. I. du Pont de |isnours and Co.) in water,
by stirring the alcohol slowly into cold water u~til it is wetted
thoroughly and all lumps are brcken up. High-speed stirring causes
foaming rAnd should be avoided. Prepare the solution about a week before
it is to be used, and stir it intermittently to ensure complete solution
of the alcohol.
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All subsequent oporatir-is Involving s matorial must be per-
formed in an inert atmospjhore.

Place equal weit;hts of molten phosphorus and L• por cent poly-vinyl alcohol solution in a jacketed vessel equipped with a high-speed, Temulsifying stirrer. The temperature of the phnphorus sthould be 60" 
c.

and that of the solution should be 60 \C. Th a 6,uto stntbhekIted above 65 0., but •'.a.t be warmer then the phosphoruS, else thephosphorus will form the confinuous phase of the emulsion 4•d booomeworthless for the present application. The mixture foeam badly whenstirred and attains an apparent specific gravity as low as 0.3. Emul-sification is rapid; as soon as the mixture is uniform, oirculate coldwater through the *aokot and continue stirring until the emulsioh iscooled to about 25 C. Thon run the emulsion into a storage tank tofaeilitato .1 nation of occluded Gas. The emulsion attains a spooifiogTav about l.35 in 12 to 18 hairs; it should be used as soon aspraotioable after it has attaiid a specifio \gravity of about 1.3. On'prolonged standing, the emulsion, originally ý creamy white liquid,settles into a compact rasa of phosphorus under a layer of clear super-natant liquid. Although freshl-y sottled emulsions may be remixod byslow stirrinG, the settled mars consolidates in a few days to a solidbody that cannot be stirrcd bac!: into suspension. Heating of the once-cooled emulsion to tompervtures above the molting point of white phos-phorus results in immediate break of the emulsion.

jPreparation of Filling: The emulsion-plaster mixture readilyoocludes gas, even on Centle stirring. It is roccmzended that the binderand the filling be mixod under reduced pressure to decrease the occlusion
of gas.

�O---shell batch, the binder is composed oft

Emulsion 7.0 kC.\ 15d44 lb.
Plaster of paris 2.5 kg. 5.52 lb.

ThorouGhly mix these ingrcdionts and add 20.50 kg. (45.212 lb.) of dewateredgranulated phosphorus. lax the phosphorus with the binder, preferably inan inert gas at low prossu~re.

Wash the mixer vith water at intervals no loze-or than 1 hour.

Char ing Filling into Mumition: Beoause of tas marked tendencyof the emulsion-plaeter i lling to occlude Cas, a donsor filling might beobtained if the munition is charged under reduced pressure. A filling"device similar to that suggested for use with plaster of paris fillings
probably would be setinfactory.

BEST AVAILABLE COPY

K



-16-.

When this filling in mixed and oharged into minitions under
1 atmosphere of an inert ras, ooolusion ý g,.3 Can lows; s the apparent
speoifio gravity of the filling to about 1.5, and the ohargo of this
filling in a 4.2 CM shell is 3.0 kg.. (6.6 1.). 1ith no ocoluded Sa.n
the filling should have a speoifio gravity Of aboUt 1.7, and, if this
•enul9T a oiud be attained, about 3.3 kg. (7.2 lb.) of the filling aould.
be oharged into each shell.

Munitions charmd with this fll ng Rhould be allowed to stand
upright for 24 hours aftr charging to pesri omplete ceb of the binder.4•

-Peaaino asv r hsRota Fillin c

The preparaticn of massive rod phosphorus fillings by conversion,
in the munition, of a oLr-ge of white phosphorus entailn severe operating.
ocnditions. The exotkervio con-version reaction (16.0 kr.-cal. per mole of
P ) heats the oharee and the rumiticn to a maximum tomicrature of about
900 C. (1040o F.), and tVhe vapor prossure o^ the phosphorus roaches about 4

600 pounds per square inch. It is essential that the munition remain gas-
tight under these conditfons, which will persist frcm 5 to 30 minutes.,

Two alternativy methodcs are proposed for the preparation of
massive red phosphorus f lhinge. If a muninion ie available that can
withstand an internal prcssure of 600 pounds per square inch at 560" C.

. ,without leaking, the mmition may be passed through a furnace maintained
at about 325* C. and roimc-red at any time aftir the conversion is oomplete.

If, however, the munitiorn is silver soldered, like the 12A 4.2 CU shell;
it will be necessary to cenoh the munition soon after the conversion
reaction is under way.

The quenohing c-igration can 'e performed autoratioally. The
munition, suspended in r, furnaoe at 325' C. oan be heated to initiate
conversion and then'dropiid into a quonohin tank when the tomperature
in the burster well of tl.' muritiwa exoeeds ome predetormined temperature
that is at least 25 G0. igher than the temp rature of the furnace. The
quenching cools the siZvc"-soldered joints in the :muition, but the
oooling effect is not cuticioent to atop the onversion reaction.

C ____oitcco O;rC es Tho additi of sulfur as a catalyst
lo•ers the ee ra. ure at which rapid convorsien of the 'white phosphorus
is Initiated. Although lerger smounts may be used, 1 P r cent of sulfur
Sives very satisfactory cperatiun. It is advisable to a d the sulfur in

*the form of the 80-20 phct-'phorus-sulfur euteotto, which is easily prepared
by dissolving sulfur, preforably in lump form; in molten phosphorus under
water at about 60" C.
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Filling the Munitiont Because of the high coefficient of
expansion of phosphorus, Wis charge of white phosphorus must not exceed
1.55 grams per cubic oentimetor of space in the munition. TheD standard
charge of white phosphorus in a 4.2 CM shell (total volume 2310 co.) is
3.50 kg. (7.72 lb.); any shells that contain more than 3.58 kg. (7.89 lb.)' ',
will be buret by the expansion of liquid phosphorus. The phosphorus may
be stored under water i=nodlatoly prior to 1 loadinr, into munitions, but
free water must not be aemitted to the imtion.

The woast part or the filled a sealed munition is the
burster-well seat. The burster well should be hold in placo during the
conversion by a threaded plug, screwed into the' nose of the munition and
bearing upon the top of the burnter well. i, the munition is to be
quenched, the plu should be drilled and tapped to receive a length of
pipe, suitably 1/4-inch etandard pipe, that serves boti to suspend the
munition in the furnace end to exclude water from the ýurster well when
the munition is dropped into tlh quenching tank. '1lhilo\ \afmittance of
water to the burster well probably would not affect the conversion, the
cooling effect of the water would complioate -oosidorably the operation
of any device placed in the burster well to indicate whether conversion
had been obtained in the wunition. -

} eonversicn W/ithout Quenching: Munitions which will withstand
ai internal pressure of 60M pounds per square inch at 560" C. (10400 p.)
can be placed upright on a conveyor that toves through a furnace at 350*
to 4W00 C. (660' to 750' F.). The speed of the conveyor should be so
adjusted that the muniticif is heated to a temperature not lower than
300* C. (5700 F.). A suitable pyrometric cone or a piece of an alloy
that melts at about 5008 C. (930' F.) should be placed in the burster
well before the munition is placed in tho furnace.

On 1eerwnl from the furnace tho munition should be allowed
to cool to roam temperature, the plug removed from the nose, and the
burster well inspeted to deterdin.e whether a temperature of at least
5000 C. (930" F.)has been reached. Attainment of this temperature,
which is higher than that of the furnace, is good evidence that the
conversion has gono to completion.

..-- eamorsion with Quenching: Silver-soldered munitions, such as
the'12A 4.• CM shell, muct be quenched duri34 the conversion and should
be suspended from a pipe attaohed to a threoded plug which will screw
into the nose of the munition. The munitioie\should be conveyed through
a furnace at a tomporatur3 between 325" and 375' C. (620" to 710' P.)
with a quenching tank undorneath. The method of suspension should be
such that the munition will be released, and dropped into the quenching
tank by release of tensivn on a wire soldered to the incido of the
burster well ad panssed tlrough the threaded plug and the suspentIing pipe.
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The alloy wIt;h whioh -The wire is soldered to the inside of the
burster well should hare a moat:Lng point of about h00 C. (750o F.). The
munition should be hea.toO, until the conversiion reaction i;s initiated,
whereupon the temporatiro in two burster "el Trill rico, the solder will
melt and release the w.-, thus actuating the release device at the point 'i

of suspension and dropping the munition into the quenching tank. The
munition ian be remnovod from the quenching tank when it has cooled
sufficiently to permit hr.ndling,. Co=plete molting of the solder' in the
burster well should be anaple ecv.,denceo that the conversial has gone to
completion.
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